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ABSTRACT

The effect of root-colonizing Pseudomonas extremorientalis TSAU20 on the root and shoot growth and biomass was determined in the
medicinal plant Silybum marianum (milk thistle) under salinated conditions. Four salinity levels (25, 50, 75 and 100 mM) were
maintained in a gnotobiotic system using NaCl salt. Shoot and root growth were reduced as much as 42% and fresh weight as much as
31% at 100 mM NaCl. Inoculation of salt-stressed milk thistle with P. extremorientalis TSAU20 significantly improved root length (90%),
shoot length (66%) and total fresh weight (64%) at 100 mM NaCl compared to control plants. P. extremorientalis TSAU20 also increased
the root and shoot length and dry weight of milk thistle in non-saline (0.8 dS m™), slightly saline (E¢ 2.3 dS m™) and saline (E¢ 7.1 dS m"
1 soil. The root length increased by 49%, shoot length by 67% and dry weight by 21%. The strain was able to survive in the rhizosphere
of plants. The results presented here make it possible for recommending root-colonizing, auxin-producing P. extremorientalis TSAU20 to
alleviate salt stress of milk thistle grown under conditions of soil salinity.
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INTRODUCTION

Milk thistle (Silybum marianum) has been used for more
than 2000 years as a natural remedy for treating hepatitis,
gastrointestinal disorders and especially for its protective
effects on the liver (Ramasamy and Agarwal 2008).
Agarwal et al. (2006) showed that a silymarin flavono-
lignan from milk thistle has anti-inflammatory, anti-oxidant
as well as anti-metastatic activity by modulating specific
proteins. The seeds of milk thistle contain silymarin, sily-
binin, silychristin, silydianin, phospholipids and a high
content of vitamin E (Hadolin et al. 2001), which are useful
against liver diseases and help maintain healthy liver
function (Henywood and Harborne 1977; Tedesco et al.
2004). In addition, milk thistle fruits and their extracts are
used as ingredients of animal feed mixtures and functional
foods (Hadolin et al. 2001; Urbanczyk et al. 2002). Due to
a growing demand for silymarin by the pharmaceutical
industry, milk thistle is commercially cultivated in Egypt,
China, Iran, Pakistan, Uzbekistan, Canada, Poland and
other European countries (Sadaqat et al. 1983; Anonymous
1995; Andrzejewska and Sadowska 2008).

Field-scale trials of milk thistle in Saskatchewan,

Canada yielded up to 378 kg/ha with mechanical harvesting.

This is about 1/3 to 1/4 of the yield reported in Europe and
Africa, respectively where growing seasons are longer (Barl
et al. 1996). In western Rajasthan, India, the total area for
milk thistle cultivation is about 200 ha (500 acres), in
Panjin, China more than 2000 ha, and in Poland 1500 ha,
ensuring that enough sources of raw materials for deriving
silymarin (Lozykowska 2009). In Slovakia, the highest
yield of milk thistle fruits recorded was 1832.0 kg/ha
(Haban et al. 2009).

Successful cultivation of milk thistle depends on biotic
and abiotic factors. Several species of pest insects feed on
milk thistle and reduce plant yield (Rumicska 1991; Abdel-
Moniem 2002; Andrzejewska et al. 2006). The widespread
application of agrochemicals to intensify crop cultivation
and extensive flood irrigation with poor quality water
causes soil salinity which causes a significant reduction in

the yield of medicinal plants (Munns 2003; Ashraf 2004),
including milk thistle. It is important to reduce the use of
chemical fertilizers and pesticides for cultivation of medi-
cinal plants since they are typically consumed without
being further processed after harvest (Banchio et al. 2008).
One of the possible measures to improve plant growth in
such conditions is to use plant growth-promoting bacterial
inoculants which can prevent the deleterious effects of
stressors caused by the environment (Lugtenberg and Kami-
lova 2004). In previous studies, plant growth-promoting
bacteria (PGPR) improved the growth of tomato, pepper,
wheat and bean under salinated conditions (Mayak et al.
2004; Yildirim and Taylor 2005; Egamberdieva and Kucha-
rova 2009). Although there are several reports on the posi-
tive effects of PGPR on the growth of crops under ecologic-
ally stressed conditions, few studies have been conducted
on the effects of inoculation with PGPR on the growth and
development of medicinal plants. The purpose of the pre-
sent study was to evaluate if inoculation of milk thistle
(Silybum marianum) with Pseudomonas extremorientalis
could enhance salt tolerance and plant growth under saline
soil conditions.

MATERIALS AND METHODS
Plant and bacteria

Milk thistle (Silybum marianum L. Gaertn.) was obtained from the
Tashkent University of Agriculture. The bacterial strain P. extrem-
orientalis TSAU20 was obtained from the culture collection of the
Department of Microbiology and Biotechnology, National Univer-
sity of Uzbekistan (Egamberdieva and Kucharova 2009). This
strain was isolated from the rhizosphere of wheat (Triticum aesti-
vum cv. ‘Turon’) grown in salinated Uzbek soil.

The strain produces IAA, protease and is able to grow in the
presence of high salt concentrations, as much as 5%. Stock culture
was stored at —80°C in 20% glycerol, and, before being used, they
were grown overnight at 28°C and 120 rpm in King’s medium B
(KB) (King et al. 1954) or on KB agar medium at 28°C for 24 h.
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Plant growth promotion in gnotobiotic systems
and pots

The effects of inoculation with P. extremorientalis TSAU20 on the
growth of milk thistle seedlings growing under salt stress was pre-
liminary studied under gnotobiotic conditions. Experiments were
carried out in test tubes (25 mm in diameter, 200 mm length)
described by Simons et al. (1996), containing 60 g of sterilized
and washed sand, and soaked with 10% Plant Nutrient Solution
(PNS) consisting of 5 mM Ca(NOs),, 5 mM KNO;, 2 mM MgSO,,
1 mM KH,PO, (Kuiper et al. 2001) and micronutrients (KI 0.75
mg 1!, H;BO; 3 mg 1", MnSO4H,0 10 mg I'", ZnSO45H,0 2.0
mg 1", Na,M0oO,2H,0 0.25 mg I'!, CuSO,5H,0 0.025 mg 1",
CoCL,6H,0 0.025 mg 1", pH adjusted to 5.8) (Hoffland ez al.
1989). Salinity conditions were established by adding 25, 50, 75
and 100 mM NaCl into PNS. For seed inoculation, P. extreme
orientalis TSAU20 was grown overnight in KB broth (King et al.
1954) at 28°C. One ml of bacterial culture was pelleted by centri-
fugation and the supernatant was discarded. Cell pellets were
washed with 1 ml of phosphate-buffered saline (PBS, 20 mM
sodium phosphate, 150 mM NaCl, pH 7.4) and suspended in PBS.
The cell suspension was diluted to an optical density of 0.1 at 620
nm (Hitachi U-1800 Spectrophotometer, Hitachi Ltd., Tokyo,
Japan) corresponding to a cell density of 10® cells/ml. Seeds were
sterilized for 5 min with concentrated sulphuric acid, followed by
70% ethanol for 3 min and rinsed five times with sterile, distilled
water. Seed germination was carried out in 85 mm x 15 mm tight
fitting plastic Petri dishes with 5 ml of water.

Germinated seeds were placed in the bacterial suspension with
sterile forceps and were shaken gently for a few seconds. After
standing for 10 min, inoculated seedlings were planted in sterile
glass tubes, one seed/tube. Ten replicate tubes were used per treat-
ment. The seedlings were grown in a growth cabinet with a 16-h
light period at 22°C and an 8-h dark period at 16°C. After 14 days
of growth the length of shoots and roots, and fresh weight of
whole plants were measured.

The effect of P. extremeorientalis TSAU20 on the growth of
milk thistle was also measured in plastic pots containing 300 g of
the non-saline (0.8 dS m™), slightly saline (Ec 2.3 dS m™) and
saline (Ec 7.1 dS m™) soil mentioned above. The milk thistle seeds
were sterilized, allowed to germinate and inoculated with bacteria,
as described above. The inoculation treatments were set-up in a
randomised design with 10 replications. The plants were grown
under open natural conditions and temperatures ranged between 24
and 26°C during the day and between 10 and 12°C at night. After
six weeks of growth the root and shoot length and dry weight of
the whole plants was determined.

Root colonization assay

For the root tip colonization assay, seedlings were inoculated with
bacterial strains and grown under gnotobiotic conditions for 14
days, as described above. To isolate bacteria from the rhizosphere,
the complete sand column was carefully removed from the tube.
Most of the still adhering rhizosphere sand was removed and a
length of 1 cm root tip was cut off with caution to prevent cross
contamination from upper root parts. Bacterial cells were removed
from the root tip by vortexing in 1 ml PBS. The homogenates were
serially diluted and were spread on agar plates and plated on KB.

Survival of bacterial strains

A spontaneous and stable rifampicin (200 pg/ml)-resistant P
extremorientalis TSAU 20 mutant was used to investigate bacterial
survival in the root of milk thistle grown in saline soil. Milk thistle
seedlings were coated with bacteria by dipping them in bacterial
suspension as described above and grown in plastic pots (9 cm
diameter; 12 cm deep) containing 350 g of soil. Plants were grown
at 20-22°C during the day and at 14-16°C at night. After 6 weeks,
plants were harvested and the adhering soil was removed from
milk thistle roots and 1 g of roots was shaken in 9 ml of sterile
PBS. The resulting suspensions were evaluated for colony-forming
units (cfu) according to the dilution-plate method in KB agar fol-
lowing the addition of 200 pg/ml rifampicin. After incubation for
2-3 days at 28°C, the reisolated, rifampicin-resistant strains were
identified for their colony characteristics (Hoflich ef al. 1995).

Seedling response to IAA

Seeds of milk thistle were sterilized as described above and seed
germination was carried out in 85 mm x 15 mm tight fitting plastic
Petri dishes with 5 ml of test solution consisting of no (control) or
100 mM NaCl. Filter paper (Whatman No. 2) was soaked in a
solution of 1, 0.1, 0.01, 0.001 uM IAA. Twenty uniform seeds
were spread in each Petri dish with three replications. The milk
thistle seeds were also inoculated with P extremorientalis
TSAU20 which produces IAA (5.7 pg/ml) (Egamberdieva and
Kucharova 2009) and were aseptically placed in a Petri dish mois-
tened with water and with 100 mM NaCl solution. All seed were
germinated in a plant growth chamber at 28°C. The percent germi-
nation was recorded after 5 days. The root and shoot lengths of the
germinated seeds which exceeded 0.5 mm in length were mea-
sured and recorded.

Statistical analysis

Analysis of variance was performed using Excel version 11 for
Windows 2007 (Microsoft Corp.), and least significant differences
(LSD) were applied to compare means at P < 0.05. Standard error
and LSD were calculated.

RESULTS

The growth-promoting effect of P. extremorientalis TSAU20
strain was preliminarily studied by growing inoculated salt-
stressed milk thistle seedlings for 14 days in a gnotobiotic
sand system. The shoot and root length of milk thistle was
reduced as much as 42% and fresh weight as much as 31%
in 100 mM NaCl. Inoculation of salt-stressed (100 mM
NaCl) milk thistle with P. extremorientalis TSAU20 signifi-
cantly stimulated root (90%), shoot length (66%) and fresh
weight (64%) compared to control plants (Table 1).

The root-tip colonization of P. extremorientalis TSAU20
was slightly reduced as salinity increased. The bacterial
colonization in the rhlzosphere was 15.6 (10° cfu/cm root
tip) at 0 mM NaCl and 9.2 (10° cfu/cm root tip) at 100 mM
NaCl (Table 1).

The inoculation of milk thistle with P. extremorientalis
TSAU20 significantly increased root and shoot length and
dry Welght of plants in non-saline (EC 0.8 dS m™), weak (Ec
2.3 dS m™) and saline (E¢ 7.1 dS m™) soils by as much as

50% (Figs. 1, 2). Root length increased by 49%, shoot

Table 1 The length of roots, shoots and fresh weight of whole plants of milk thistle when seedlings were inoculated with P. extremorientalis strain
TSAU20. Plants were grown in the gnotobiotic sand system under salt stress for two weeks.

Salinity Control P._extremorientalis TSAU20

Shoot Root Fresh weight Shoot Root Fresh weight 10° CFU/

cm root tip

0 mM 3.6+0.5 147+1.7 0.53+0.09 45+0.6 18.6* £ 0.5 0.69+0.11 15.6+2.5
25 mM 32£0.5 126+ 1.8 0.47 £0.07 40+0.8 18.0*+ 1.0 0.67*+0.12 13.5+1.0
50 mM 3.0+£0.7 11.7+£1.7 0.46 +0.08 43%+0.5 19.2*¥+ 1.0 0.68* +0.12 144+1.6
75 mM 3.1+£0.3 11.0+£0.8 0.44 £ 0.06 45+13 19.5%+ 1.3 0.66* +0.11 9.8 +2.1
100 mM 2.1+0.6 10.5+1.3 0.37+0.11 4.0*+0.8 17.5*+13 0.61* +0.04 92+1.8

* Significantly different from the negative control at P < 0.05
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Table 2 The effect of P. extremorientalis TSAU20 and different concentrations, 0, 0.1, 0.01, and 0.001 uM of auxin (IAA) on the shoot and root growth of

milk thistle seedling in non saline and saline (100 mM NaCl) conditions.

Treatments 0 mM NaCl 100 mM NaCl
Root" Shoot” Root® Shoot”
Control 25+0.5 30+1,0 1.75+0.25 25+0.5
TSAU20 42%+0.3 40+1.0 33*%+0.6 3.5%+0.5
IAA° 1.0 33£0.6 3.7+0.6 1.8+0.3 32+0.7
0.1 3.7+15 47+1.1 4.0*+1.0 4.7+ 0.6
0.01 53*+0.6 4.7+0.6 3.7+ 0.6 4.6%*+£0.5
0.001 5.0+ 1.0 52%¥+03 40+ 14 4.5%+£0.7
*root/shoot length, ® uM, * significantly different p<0.05
14 (30%) and shoot length to 2.5 cm (by 16.7%). The applica-
ENon saline tion of IAA reversed the growth-inhibiting effect of salt-

12 1 mSlightly saline I stress at 0.1, 0.01 and 0.001 uM to a certain extent in both
g 10 S Salin e- g . shoots and roots (Table 2). The higher concentration of [AA
e (1.0 uM) had no effect on the stimulation of both shoot and
% 8- * root length. Only low concentrations of IAA (0.01, 0.001
g puM) stimulated root and shoot length of milk thistle seed-
T 6 * lings in non-saline and saline conditions. The inoculation of
g milk thistle seedling with IAA-producing P. extremorien-
g 4 talis TSAU20 strain significantly increased seedling root
= 5 length up to 90% and shoot length up to 46% at 100 mM
2l NaCl compared to control plants (Table 2).

0 -
Root Shoot Root Shoot DISCUSSION

Fig. 1 The length of roots/shoots of milk thistle grown under non-
saline (0.8 dS m™), slightly saline (Ec 2.3 dS m™) and saline (Ec 7.1 dS
m™) soil and inoculated with P. extremorientalis strain TSAU20. Plants
were grown in a greenhouse for six weeks. Values represent means for 10
plants (N = 10), with error bars showing standard deviation. Columns
marked with an asterisk differed significantly from control plants not
inoculated with bacteria at P < 0.05.
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Fig. 2 The dry weight of whole plants grown under non-saline (0.8 dS
m™), slightly saline (Ec 2.3 dS m™) and saline (Ec 7.1 dS m™) soil and
inoculated with P. extremorientalis strain TSAU20. Plants were grown
in a greenhouse for six weeks. Values represent means for 10 plants (N =
10), with error bars showing standard deviation. Columns marked with an
asterisk differed significantly from control plants not inoculated with bac-
teria at P < 0.05.

length by 67% and dry weight by 21%.

The rifampicin-resistant mutant of P. extremorientalis
TSAU20 was able to survive in the root of six-weeks-old
milk thistle grown in non-saline, weak and saline soils.
However, bacterial colonization decreased from 10.8 + 2.1
(10° cfu/g root, non-saline soil) to 6.8 + 1.6 (10° cfu/g root).

The application of IAA reversed the growth-inhibiting
effect of salt stress in milk thistle at a low concentration.
Considering the length of root to be 2.5 cm, and that of the
shoot to be 3.0 cm (control, no salt), 100% of data shows
that salt stress at 100 mM reduced root length to 1.7 cm

Soil salinity reduces plant growth due to the toxic effects of
NaCl, to the ability of the root system to control entry of
ions to the shoot and to slowing down water uptake of
plants (Hajibagheri er al. 1989). High salinity causes severe
damage to medicinal plants, including growth inhibition,
impaired metabolism, loss of production and quality (Ash-
raf 2004).

In our study, inoculation of unstressed and salt-stressed
milk thistle with P. extremorientalis TSAU20 significantly
improved root and shoot growth of plants. Similar observa-
tions were reported by other authors in which Pseudomonas
fluorescens stimulated growth and yield of Madagascar
periwinkle (Catharanthus roseus) under drought stress
(Attia and Saad 2001; Jaleel et al. 2007). Karthikeyan et al.
(2010) reported that PGPR strains Pseudomonas and Bacil-
lus significantly increased plant height, root length, root
girth and alkaloid content in C. roseus relative to the control.

The colonization and survival of the introduced bac-
terial strain in the highly competitive rhizosphere environ-
ment is important for successful inoculation (Wessendorf
and Lingens 1989; Lugtenberg er al. 1999). We observed
that colonization of P extremorientalis TSAU20 was
slightly decreased at 100 mM NaCl. Similar results were re-
ported by Paul and Nair (2008) although the root coloni-
zation potential of the salt-tolerant Pseudomonas strain was
not hampered by higher salinity. This strain was able to
tolerate salt stress up to 4% NaCl (Egamberdieva and Kucha-
rova 2009). In our study the rifampicin-resistant P. extrem-
orientalis TSAU20 mutant survived in the rhizosphere of
milk thistle due to its competitiveness and persistence in
saline soil.

We tried to evaluate on which mechanisms the observed
alleviation of salt stress and stimulation of growth milk
thistle can be based. Mechanisms by which bacteria are able
to alleviate salt stress in plants and promote plant growth
include mobilization of nutrients (Lugtenberg et al. 2001;
Lifshitz et al. 2004), production of ACC deaminase, which
can lower the level of the plant stress hormone ethylene
(Glick et al. 1998, 2007; Belimov et al. 2009) and produc-
tion of phytohormones (Costacurta and Vanderleyden 1995;
Spaepen et al. 2009). The bacterial strain P. extremorien-
talis TSAU20 negatively impacted ACC-deaminase and
produced TAA in high saline conditions (up to 3% NaCl)
(Egamberdieva and Kucharova 2009). It was previously re-
ported that salt stress reduces the supply of phytohormones,
for exmaple from roots to shoots (Itai et al. 1968; Sakha-



Medicinal and Aromatic Plant Science and Biotechnology 7 (1), 7-10 ©2013 Global Science Books

butdinova et al. 2003). In this condition, application of exo-
genous phytohormones such as gibberellins or auxins pro-
duced some benefit in alleviating the adverse effects of salt
stress and they also improved germination and seedling
growth in salinated conditions (Khan et al. 2004; Afzal et al.
2005). We also observed that the application of TAA
reversed the growth-inhibiting effect of salt-stress in milk
thistle at a low concentration. It has also been suggested
that root-colonizing bacteria that produce phytohormones,
when bound to the seed coat of a developing seedling, may
act as a mechanism for plant growth stimulation and that
these organisms can prevent the deleterious effects of stress
by the environment (Frankenberger and Arshad 1995).
Therefore, it is likely that by colonizing the roots, P. extrem-
orientalis TSAU20 produced IAA, alleviating salt stress
and stimulating milk thistle growth.

The results presented here make it possible to recom-
mend root-colonizing, auxin-producing P. extremorientalis
TSAU20 to alleviate salt stress of milk thistle grown under
saline soil.
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